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ABSTRACT 

Ultraviolet absorption cross-section of phosgene 
^ CC1 2 0 *' trichloroacetylchloride (cci^-ccio) and tri- 
ch loroacetaldehyde (CCl^-CHO) have been measured between 
170 and 320 nm for temperature ranging from 210 to 295 K 
with a classical double beam equipment. 

These data are compared with other available 
determinations performed at room temperature. Photo- 
dissociation coefficients are estimated and their 
temperature dependence is discussed. Impact of the photo- 
dissociation on the total atmospheric destruction of 
these compounds is illustrated. 


I . INTRODUCTION. 

Chemical degradation of alternative hydrochloro- 
f luorocarbons in troposphere produces a series of 
carbonyl compounds like phosgene, halo-aldehydes or 

halo-ketones, which could themselves be removed in three 
ways : (1) Photodissociation by solar UV radiations to 
produce potential odd chlorine precursors, 

(2) Reaction with H 2 0 and 

(3) Reaction with OH. 

In order to determine the lifetimes for the photo- 
lysis processes, an accurate knowledge of tho UV absor- 
ption cross-sections is required as a function of 

wavelength and temperature. 

II. EXPERIMENTAL. 

Ultraviolet absorption cross sections of phosgene 
(CC1 2 0), trichloroacetylchloride (cci 3 -cciO) and tri- 
chloroacetaldehyde (CCl 3 ~CHO) have been measured between 
170 and 320 nm for temperature ranging from 210 to 295 K 
with a classical double beam equipment . (Gillotay et ol . , 
1989). The purity of the three compounds is better than 
99.5 % as determined by gas phase chromatography. 

III. RESULTS. 

Numerical values of absorption cross-sections for 
wavenumber intervals of 500 cm" 1 are given in tables 
I-III. The absorption spectra are illustrated in Figures 
1-3 for selected temperatures namely 295, 250 and 210 K 
and compared with other available data at 295 K. 


In all cases, Beer-Lambert 'a law was verified for 
absorption ranging from 10 to 85 %. In such conditions, 
and according to the error budget previously published, 
(Simon et al., 1988), the absorption cross-sections 
reported here are determined with an accuracy of ±2 % 
at room temperature and of ± 3 to ± 4 % at the lowest 
temperature. 

Carbonyl compounds display a continuous absorption 
in the 170-335 nm range. The presence of two maxima and 
the temperature dependence observed near the maxima and 
for the longest wavelengths, seems to indicate that there 
are two continue, one corresponding to the absorption of 
the C-Cl bond, with a maximum around 170 nm and the other 
centred respectively at 240 nm for phosgene, around 260 ns 
for trichloroacetylchloride and at 290 nm for trichloro- 
acetaldehyde, corresponding to the absorption of the c-O 
bond. 

Absorption cross-sections values change with tempe- 
rature by a factor, which depends on both the wavelength 
and the chemical composition of the compound. For each 
wavelength, an exponential dependence of the absorption 
cross-section versus temperature is clearly established, 
with a decrease of absorption cross-sections in the 
region of low absorptions (up to 80 I at 305 nm and 210 K 
in the caso of CCl^O) and a small increase near the 
maximum of absorption (up to 51). This effect is the 
most important at the lowest temperature. 

Descrepancies observed between the different set of 
available data at room temperature have to be discussed 
in more details in terms of experimental conditions. 

IV. DISCUSSION. 

Photodissociation coefficients or the molecules have 
been calculated, neglecting the effects of multiple 
scattering, for given altitude (z), zenith angle (^) and 
wavelengths intervals according to the relation : 

j(z) - » A q A (z) ; q^z) “ q x (~) °" rA(z) 
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whan 

z is the altitude, 

o are tha absorption croas-aectlona, 

q ( z ) and q <•) are tha solar irradiance at altitude s or 
extraterrestrial ( z - •) 
n ia the number of particles per voluee unit. 
Calculations are eade for solar zenith angle of 0 and 
60’ (see - 1 and 2), taking into account the values of 
a (Oj) and a (0^) froe WHO and Kockarts (1976), fl sca tt 
from Nicolet (1984) and the values of q(«) froe WHO 
(1986) and by taking into account the actual values of 
cross-sections corresponding to the teeperature 
conditions at each altitude. 

These photodissociation coefficients are illustrated 
in Figures 4-6 and compared with those calculated with 
values of absorption cross-sections measured at room 
temperature . 

Stratospheric photodissociation coefficients (for altitude 
ranging from 15 to 50 km) calculated the temperature 
dependent absorption cross-sections, are smaller than 
those calculated with the room temperature values in the 
20-35 km region, due to the decrease in the absorption 
cross-sections in the 200 nm region and the influence of 
the Wavelengths longer than 280nm in the low 
stratosphere. 

Tropospheric photodissociation coefficients for phosgene 
are very low (between 10 ® and 10 sec ) and are 
reduced down to 20 t of their room temperature values, 
using the temperature dependent cross-sections. For the 
two other compounds, tropospheric photodissociation coef- 
ficients are relatively high (ebetwwen 10 7 and 10 4 
sac* 1 ) and show a small temperature dependence. 
Photolysis is, for these two molecules, a non negligible 
mechanism for their tropospheric removal. 


In conclusion, this work presents a new set of experi- 
mental data on the absorption cross-sections of carbonyl 
componds in atmospheric temperature condi ton and high- 
lights a non negligible temperature dependence of their 
photolysis* 

V. REFERENCE. 

CHOU, C.C., G. CRECENTIMI, H. VERA-RUIZ, H.S. SMITH, and 
F.S. ROWLAND, 1977, Stratospheric photochemistry of 
Cr 2 0, CC1F0 and CCljO, 173rd American Chemical Society 
Meeting, New Orleans. 

GILLOTAY D. , A. JENOUVIER, 0. COQUART, H.F. HERIENNE, and 
p.C. 5IH0N, 1898, Ultraviolet absorption cross-sections 
of Bromoform in the temperature range 295-240 K. , 

Planet. Space Sci., 37, 1127-1140. 

KOCKARTS G., 1976, Absorption and photodissociation in 
the Schumann -Runge bands of molecular oxygen in 
terrestrial atmosphere.. Planet. Space Sci., 24, 589-604 
NICOLET H. , 1984, On the molecular scattering in the 
terrestrial atmosphere : an empirical formula for 
calculation in the homosphere., Planet. Space sci., 32, 
1467-1468. 

RATTINGAH G., and R. A. COX, Spectra and photochemistry of 
degradation products of hydrochlorof luorocarbons and 
hydrofluorocarbons, 1991, report to SPA-ArEAS, INC. 

SIMON P.C. , D. GILL0TAY, N. VANLAETHEM-MEUREE , and J. 
WISEHBERG, 1988, Ultraviolet absorption cross-sections 
of chloro and ch loro f 1 uorome thanes at stratospheric 
temperatures., J. Atmos. Chem., 7, 107-1345. 

WHO, Atmospheric ozone 1985, WHO global ozone research 
and eonitorlng project, Report 14, 1986. 

ZABEL, F. et al . , 1992, Private communication. 


T»2»l* I FHOlCDIt (CCi 2 0) 

<ru> k to ai (a 


(n«| 

2 ••. 7 - 10 .* 
II*. 5-172.* 
17J.4-173.* 

173.2- 173.4 

173.4- 177.0 

177.0- 171.* 
17* . *-1*0 . 3 

110. 2- 111. ■ 
111 .1-113 .3 
113. *-1*3.2 
xas.a-ia*.* 

1I4.9-1II.7 
II* .7-1*0 . 3 
1*0. 3-1*2. 3 
1*2. 3-1*4. 3 
1*4 . 2— It* . 1 
1*«. 1-1*1. 0 
If*. 0-200.0 

200 .0- 202.0 

202.0- 204.1 

204.1- 20*. 2 
20*. 2-20*. 3 
20*. 3-310. 3 

201.5- 211.* 
213. *-213.0 

213.0- 217.4 
217.4-21*.* 
21*. *-222. 3 

222.2- 224.7 

224.2- 227.1 

227.3- 22*.* 
22*. *-233.* 
232. *-233. 3 

233.3- 231.1 
23*. 1-241.0 

141.0- 243.* 
241. *-24*.* 
24*. *-230.0 

230.0- 233.2 

253. 2- 25*. 4 
23*. 4-23*. 7 
25*. 7-243. 2 

2*3. 3-2*1. 7 

2*4.7-270.3 

270.3- 274.0 

274.0- 277.* 
277 . t-311 .7 
2*1.7-213.7 
2*3.7-21*.* 
21*. *-2*4.1 
1*4. 1-2**. 3 
2»*. 3-303.0 

203.0- 307.7 


253* 

1010 

4330 

4*30 

3030 

4**0 

4340 

4040 

3470 

2*10 

2340 

1**0 

14*0 

1110 

*03 

713 

324 

3** 

312 

232 

20* 

179 

13* 

143 

133 
12* 

123 
122 
122 

124 
127 
ill 

134 
13* 
131 
133 
11 * 
103 

93.1 


370* 

3*00 

*7*0 
31*0 
3130 
4910 
44*0 
3**0 
33*0 
2*20 
22*0 
1120 
1440 
1140 
• •• 
<»• 
309 
3*4 
302 
243 
202 
173 

133 
13* 
129 
124 
121 
120 
121 
124 
127 

131 

134 
137 

132 
123 
ill 
104 

* 2 .* 


41*0 

3130 

33*0 

3240 

4*20 

44*0 

3*00 

3320 

27*0 

2240 

17*0 

1410 

1120 

>7* 

*13 

*11 

37* 

2*3 

23* 

It* 

ua 

149 

13* 

137 

121 

11 * 

11 * 

120 

123 

127 

131 
133 
137 

132 
12* 
117 
10 * 

* 2 .* 
7*. 3 


4*10 

3330 

33*0 

3330 

4*40 

4420 

3*30 

3270 

2710 

2200 

17*0 

13*0 

1110 

113 

*73 

4*7 

3*7 

2*3 

22* 

1*1 

1*3 

143 

132 
124 
11 * 
117 
117 
119 
123 
127 
111 

133 
137 
133 
121 
117 
10 * 

*2.7 

7*.* 

*3.4 


33*0 

3 9*0 
3770 
9430 
4130 

4 3*0 
37*0 
3210 
2*10 
2110 
1710 
1370 
1090 

• 34 


.131 

.31* 

.103 

. 021 * 

.00491 


0 . *4 3 

0.233 

0.0732 

0.0190 

0 . 002 ** 


1.324 
1.1*3 
>.094* 
>.013* 
). 00200 


1.42* 
>.143 
>.0413 
1.00*70 
t. 00134 


47* 

317 

277 

223 

111 

13* 

141 

12* 

121 

117 

113 

11 * 

11 * 

122 

127 

132 

133 
137 
133 
127 
111 
10 * 

92.3 
7*. 2 
*2.3 

40.2 

34.4 

23.2 
14.7 

I. *4 
4.33 
2 . 1 * 
0.933 
0.247 
0.112 
0.0110 
0 . 00**4 
0 . 0001 ** 


426 



OIANM* 

S2SS2S£22S5 0 2 oooooc>or '’ ,,,,> *‘* , *«^ r '»»« 


vnnh o r* * a 

* O ~» .H H *4 O • f* m «NH 
H H H H H H 


OOOOOOOOOOOOOOOOOOOOOr<VOH««« 

h*rtMh«hONM*^rl*mnHJ>OrlN<infflM0N| 
niMrt OhnOMdnNHH 

*h4«ninin«>n*««tnnNr<riHHH 


ooooooooooooooooooooor<«<r«nffinn«r4r 

* ^ ^ ^ ^ <n ^ n r 


ooooooooooooooo 
^v^o«oa»r^h>nM«0^0< 
nmh n«h «no««noMi 
<rtr''0«v>tf>«>invw*’«*nn 


oooooooooomr«H«Mn«nHn«>oh« 

not'nffi«NB*H»«tniiHrt 


»«HinrioHONn«inMt«irtHMhrto •> n n « 
HHNNrt^in*h«ffO^HHHO«h<i «n(4H 


S2S2222222S 0 ? 0 2°2 0000 ' 0<,H ' #r, ‘' ,Hnr ' w * N »f'**'N , *«ooo«' 

^^2S^^53s^53S;!5SS£^J;;:si^;;s853•""""^ HH """*" , • r * , 


30000oooooeeoooaoooooooen««Nnh«« 

<ONHh«ihHH<««HnMO*mnninH^fM>*rtotO»f 

»OOO«i«M0fH«»(N<*tOrHhn(ln»riOMntn(1N^. 


rwnr'WMOn »onn 


o o o o o o c 

m ot n <o r» ■» a 

r>. ^ -4 -h h «-» c 

« * r- f- r 


3ooooeoooooooooooo«me«»*i 
r n »n o ^ r- 

p<r^inrt«<«r<4w-von>^r'0»«Mor-nvor4r«o 


n w *-t r* r- gtanvr 
•hWMWOHNNf 


* n ’**^owr4«mr^0sr>.innr«HOOO<-4r*onaBO^Mr4h>rtON«r«iHO0«« l >OM*h>r«t^r>o»t i 'r'»M«>or >> 'nmv>nvi«> 

9NmohaoHnim««or<««aon<f««ot«nh9ir4<rhe>(N«nr«n«on««n«o<rr.Hinft««nhri^rihr^ 

■ HHHrtHHHHHH^H^HH^HflMMMWMNNMNMfinrifirKiMNNMNrtNMMNNriMftMNNrtnnn r* n r> n 

c • • » • » I I I I I I I I I I I t ( I I t I I I I | I I I I I I I I I I I « | I I • I t | | | | I I I I t I I lit! 

— l , '-m«M*owf4»«nr'*f>«Nlrtr4«4000'-'nnin«0'«Mr4rtn»<»i>t*40»*o< i 4«r'Nr'now|»r'*,~«ffort« MmnA 


*ON4««Oftt4«ONIflh»iM4N8'r 

JIM»J>**OOOOOHHrtHH«NMN( 

IHflHH^NNNNNndNNNNNNnr 


iNar • * c 


427 















